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C1 channels in basolateral renal medullary vesicles VIII. Partial
purification and functional reconstitution of basolateral mTAL Cl
channels. C1 channels fused from basolateral mTAL membranes into
planar bilayers have distinctive functional characteristics which, when
taken together, are unique among C1 channels. The properties of these
50 to 60 pS channels can account for the characteristics of basolateral
Cl conductances in microperfused mTAL segments and thus may
mediate net basolateral Cl— absorption in the intact mTAL. In the
present studies, we solubilized basolateral membranes from rabbit
mTAL. Since basolateral mTAL C1 channels contain arginine- and
lysine-rich domains, we exposed these solubilized membranes to se-
quential cation- and anion-exchange chromatography. The bound and
unbound eluates from cation- and anion-exchange chromatography
were reconstituted into proteoliposomes which, when fused into bilay-
ers, yielded Cl channels whose properties were virtually identical to
those described above for native basolateral mTAL channels fused into
bilayers. As judged by valinomycin-sensitive conductive 36Cl uptake,
proteoliposomes reconstituted from the unbound eluates after anion-
exchange chromatography were enriched at least 30-fold in Cl channel
activity and had about 30% of the total Cl channel activity solubilized
in native vesicles.
This paper describes the solubilization, partial purification
and reconstitution of C1 channels from basolateral mTAL
vesicles of rabbit outer medulla into proteoliposomes. The
proteoliposomes containing the partially purified protein had at
least a 30-fold increase in conductive 36Cl uptake [1] when
compared to the original detergent extract. Fusion of reconsti-
tuted proteoliposomes with bilayers yielded single Cl channels
whose characteristics were virtually identical to those obtained
by fusing native basolateral mTAL vesicles into bilayers [2—6].
Cl— channels fused from basolateral mTAL membranes into
planar bilayers have distinctive functional characteristics
which, when taken together, are unique among C1 channels
[2—6]. We enumerate some of these properties here as a frame of
reference for assessing the reconstituted Cl— channels reported
in this paper. For convenience, the results are described for C1
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channels in bilayers exposed to 270 mrs cis Cl and 2 m trans
Cl.
The single Cl channel conductance is 60.3 5.7 pS [2—6].
The open time probability (P0) is voltage-dependent and dimin-
ishes sharply with membrane hyperpolarization, a finding that
can account for the fact that, in intact mTAL segments,
basolateral membrane hyperpolarization with luminal fu-
rosemide sharply reduces basolateral membrane C1 conduc-
tance [7, 8]. Third, P0 increases monotonically with increases in
aqueous Cl concentrations. These channels orient in bilayers
such that extracellular and intracellular surfaces face cis and
trans solutions, respectively [2—6], and the K112 for P0 activa-
tion by aqueous Cl differs for cis and trans solutions. For cis
solutions, the K112 is 175 mrst C1 and the channels are entirely
closed at 50 mM cis C1 [2]. For trans solutions, the K1,2 is 10
mM C1 [2—6], which is within the physiologic range of intra-
cellular C1 concentrations in intact mammalian mTAL seg-
ments [7, 8]. Fourth, the catalytic subunit of protein kinase A
plus ATP (C-PKA + ATP) augments P0 when added to 2 mM
trans Cl solutions, but not when added to either trans or cis
solutions containing 50 mrvi C1 [3—6]. Thus, (C-PKA + ATP)
increase P0 only at intracellular loci, and only when the C1
concentrations bathing intracellular channel faces are low.
In short, the properties of these 50 to 60 pS Cl— channels can
account for the striking decreases and increases in the basolat-
eral membrane Cl— conductance of in vitro microperfused
mTAL segments exposed to luminal furosemide [7, 81 or
peritubular antidiuretic hormone [8, 9], respectively. The acti-
vation of P0 by trans Cl concentrations with a K1,2 of 10 mti,
coupled with the fact that (C-PKA + ATP) activate P0 only
when trans C1 concentrations are appreciably less than in
intact mTAL segments [7, 8], can also account for the fact that
in vivo mTAL function is not impaired in cystic fibrosis. Thus,
these 50 to 60 pS C1 channels may mediate net basolateral Cl
absorption in the intact mTAL [2—6].
Only a limited number of epithelial Cl— channels have been
partially or completely purified and reconstituted into planar
bilayers [10—16]. Among the latter, only three sets of studies, to
our knowledge, have provided comparisons of the properties of
partially [13, 16] or completely [15] purified C1 channels
reconstituted into bilayers with those of channels in the native
epithelium. The C1 channels in the three studies cited above
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[13, 15, 161 differed significantly in terms of their functional
characteristics from one another and from those described
above for single C1 channels from basolateral mTAL mem-
branes.
In the present studies, we solubilized basolateral membranes
from rabbit mTAL. Since basolateral mTAL C1 channels
contain arginine- and lysine-rich domains [6], we exposed these
solubilized membranes to sequential cation- and anion-ex-
change chromatography. The bound and unbound eluates from
cation- and anion-exchange chromatography were reconstituted
into proteoliposomes which, when fused into bilayers, yielded
Cl channels whose properties were virtually identical to those
described above for native basolateral mTAL channels fused
into bilayers. As judged by valinomycin-sensitive conductive
36C1 uptake [1], proteoliposomes reconstituted from the un-
bound eluates after anion-exchange chromatography were en-
riched at least 30-fold in C1 channel activity and had about
30% of the total C1 channel activity solubilized in native
vesicles. A preliminary abstract of these data has been pre-
sented previously [171.
Methods
Basolateral membrane vesicles were prepared from rabbit
renal outer medulla using procedures routinely used in our
laboratory [1—6]. The vesicles were solubilized and partially
purified using minor modifications of the method of Ran et al
[14]. The vesicles were suspended in 5 mri 3-(N-morpholine)
propanesulfonic acid (MOPS), 200 mri KCI, 0.5 mM EGTA, and
0.6% Triton X-100 (pH 7.4) at a protein concentration of 4 to 5
mglml and allowed to stand on ice for 60 minutes. The solubi-
lized mixture was centrifuged at 140,000 x g for 60 minutes.
The supernatant extract (protein concentration 2 to 3 mglml)
was collected and either reconstituted into proteoliposomes or
submitted to further purification.
Proteoliposome reconstitution
Concentrated protein samples (4 to 5 mg/ml) were suspended
with phospholipid mixtures of phosphatidylcholine and choles-
terol (ratio 80:20 wtlwt; 20 mglml) in the presence of 1% Triton
x-l00, 150 mrt KCL, 10 mr'i 2-(N-morpholine)ethanolsulfonic
acid (MES), 272 mi mannitol, 2 m Mg gluconate, 0.2 m Ca
gluconate (pH 7.4). A final volume of 1.5 ml was obtained with
a protein:phospholipid ratio of 1:5 (wt/wt) or 1:1 (vollvol). To
remove the Triton x-100, the samples were mixed with 50 mg
BioBeads SM-2 and incubated at room temperature for 30
minutes followed by incubation at 4°C overnight. The following
day, the proteoliposomes were removed with a 27-gauge needle
and used immediately or frozen at —20°C for up to one week.
Protein separation on CM-cellufine cation exchanger
Prior to the application of the solubilized protein to the
CM-cellulose column, the buffer was changed to 10 m MES,
0.2% Triton x-l00 (pH 7.0) by dialysis. The Triton-extracted
protein (total volume 6 to 7 ml, 1 to 2 mglml) was applied to a
Bio-Rad Econo-Pac CM cartridge equilibrated with 10 mt
MES/Tris (pH 7.0), 0.2% Triton x-l00. The cartridge was
washed with 5 elution volumes of the pH 7.0 MES buffer, and
the proteins were then eluted with a buffer of 10 msi MES/Tris
(pH 8.5), 0.2% Triton x-lOO. Fractions of 750 pi were collected,
and protein and pH determinations were done on each fraction.
Figure lA shows the protein elution pattern using this step-
function pH elution protocol. The majority (" 90%) of protein
applied to the column was unbound and immediately eluted
with pH 7.0 buffer. The bound proteins (°° 10% of total protein)
were eluted in a limited number of fractions with the step
increase in the pH of the eluting medium. These two peaks were
pooled separately as the CM-unbound and CM-bound fractions,
respectively, and concentrated separately to volumes of 250 jxl
using microconcentrators with a 10K cutoff (Centriprep, Ami-
con).
CM-cellulose bound protein separation on quaternary amine
anion exchanger
The concentrated bound CM-cellulose fraction (total volume
1 ml) was applied to a Bio-Rad Econo-Pac Q cartridge equili-
brated with 10 mrt MES/Tris (pH 8.5), 0.2% Triton x-100. The
cartridge was washed with 4 elution volumes of the pH 8.5 MES
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Fig. 1. A representative elution pattern observed when solubilized
vesicles were subjected to A sequential CM-cellulose and B Q-cartridge
ion-exchange chromatography. Experimental details are presented in
Methods. Symbols are in A: ( ) mg protein; (—) pH. Symbols
are in B: ( ) g protein; (—) M NaC1 buffer.
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buffer and eluted in a two-step manner with buffers of 0.1 M
NaC1, 10 mi MES/Tris (pH 8.5), 0.2% Triton x-lOO and 1 M
NaC1, 10 ms MES/Tris (pH 8.5), 0.2% Triton x-100. Fractions
of 750 d were collected, and protein and conductivity determi-
nations were done on each fraction.
Figure lB shows the protein elution pattern using this step-
function salt elution protocol. Protein was eluted from the
cartridge in three poois as shown in Figure lB and cone-
sponded to each step in the salt gradient. The protein fractions
were labeled Q-unbound, Q-bound-1 and Q-bound-2, and con-
tained 25%, 50% and 25% of the total bound protein applied,
respectively. These three fractions were pooled separately and
concentrated to volumes of 250 pA using microconcentrators.
Polyacrylamide gels
Protein separation on polyacrylamide gels was performed as
described by Laemmli [18]. Precast 10% polyacrylamide gels
(Novex) were run using a standard buffer of 25 mri Tris, pH 8.3,
190 m glycine, and 0.1% SDS. The samples were treated with
a standard reducing buffer consisting of 0.125 mrvi Tris-HC1, pH
6.8, 4% (wt/vol) SDS, 0.5% 2-mercaptoethanol, 20% glycerol
and heated for two minutes at 85°C prior to loading on the gel.
Standard molecular mass marker proteins 106 kDa to 27.5 kDa
were run simultaneously on all gels. Unknown molecular
masses were calculated from interpolation on standard log
molecular mass versus relative mobility standard plots.
36C1 uptake assay
We measured 36C1 uptake driven by oppositely directed Cl
and gluconate gradients in proteoliposomes using the same
protocol employed with native vesicles [1]. Aliquots of proteo-
liposomes were placed on anion exchange columns (Amberlite
IRA-400) saturated with gluconate and eluted with 4 volumes of
solution containing 288 mri mannitol, 10 miss MES, 1 m Mg
gluconate and 0.1 miss Ca gluconate. Samples of the eluates
were taken for protein determination. The majority of the
eluates were immediately added to equal volumes of solutions
of 135 miss K gluconate, 18 miss mannitol, 10 miss MES, I m Mg
gluconate, 0.1 m Ca gluconate and 3.8 miss 36Cl, resulting in
a final concentration of 75 miss KC1 inside and 75 miss K
gluconate, 1.9 miss 36C1 outside. When present, valinomycin
was added to the outside solutions at a final concentration of 4
prss. The 36C1 uptake was terminated at timed intervals,
generally five minutes [1], by adding aliquots of the reaction
mixtures to 2 ml of ice-cold 288 miss mannitol, 10 miss MES, 1
m Mg gluconate and 0.1 m Ca gluconate, followed by rapid
filtration using HAWP Millipore filters (pore size 0.2 m) and
washing two times with 2 ml of the above solutions. The 36C1
retained on the filters was then counted on a Packard 1900CA
liquid scintillation counter.
Planar bilayers and C1 channel incorporation
Lipid bilayer membranes were formed as described previ-
ously [2—6] using a 1:1 mixture of phosphatidylserine and
phosphatidylethanolamine in decane (20mg lipid/ml). The aque-
ous phases (volume = 3 ml) initially contained 1 miss CaCl2 and
5 mM HEPES (pH 7.4) solutions in both cis and trans chambers.
Proteoliposomes reconstituted from either total extracted pro-
tein, CM-bound protein or Q-unbound protein were added to
the cis chamber and fused into bilayers using osmotic gradients
created by 270 miss cis KCI and 2 miss trans KC1 [2—6].
The bilayers were voltage-clamped as described previously
[2—6] using a patch-clamp amplifier (Dagan 8900) connected to
the bilayer chambers by Ag-AgCl electrodes in 3 M KCI agar
bridges. The output of the clamp amplifier was digitized at 44
kHz, recorded on VHS tape (PCM-2, Medical Systems), and
simultaneously displayed on an oscilloscope (Hitachi VC6020).
Records were replayed, filtered by an 8-pole Bessel filter (model
9O2LPF, Frequency Devices), digitized (System 570, Keithley)
and analyzed by computer as described previously [2—6].
Records were filtered at 200 Hz (—3 db cutoff) and sampled at
2 kHz.
Since the intracellular surfaces of these Cl— channels face
trans solutions [2—6], the data in this paper are presented as in
paper VII of this series [61. That is, voltages across bilayers
were expressed as trans with respect to cis chambers, which
were grounded. All results are expressed as mean values SEM
for the indicated number of experiments. A single bilayer was
taken to beN= 1.
Materials
36Cl— was obtained from New England Nuclear and had a
specific activity of =0.56 mCilmol. The anion exchange resin
was obtained in hydroxide form, aberlite IRA-400 08 (Rohm and
Hass, Philadelphia, Pennsylvania, USA) and saturated with
gluconate by titration with 50% gluconic acid. The 10K micro-
concentrators were obtained from Amicon (Danvers, Massa-
chusetts, USA). Bio-beads SM-2, SDS and Bio-Rad Econo-Pac
CM cartridges and Q cartridges were supplied by Bio-Rad
Laboratories. Bovine brain lipids were obtained from Avanti
Polar Lipids. Prestained molecular weight protein standards
were obtained from Bethesda Research Laboratories. Precast
polyacrylamide gels were supplied by Novex. The catalytic
subunit of PKA, prepared from bovine heart, was identical to
that described previously [3, 4, 6]. All other chemicals were
purchased from Sigma.
Results
Conductive 36C1 uptake
Figure 2 and Table 1 show the degrees of purification and
specific activity recovery of conductive 36C1 uptake in recon-
stituted proteoliposomes. The data are expressed using 36Cl
uptake in proteoliposomes reconstituted from solubilized native
vesicles as a unity frame of reference. As shown in Figure 2 and
Table 1, CM-cellulose chromatography yielded virtually com-
plete segregation of valinomycin-sensitive conductive 36Cl
uptake [1] into proteoliposomes from the CM-bound fraction.
The valinomycin-sensitive conductive 36Cluptake in proteoli-
posomes reconstituted from the supernatant fraction (see Meth-
ods) was 8.4 1.0 nmol/mg prot' 5 mm, or about three-fold
greater per mg protein than in native vesicles [1].
The valinomycin-sensitive conductive 36Cl uptakes in pro-
teoliposomes from the bound and unbound fractions were 86.8
25 nmollmg prot 5 mm and statistically indistinguishable
from zero, respectively, Thus, CM-cellulose chromatography
enriched by tenfold the specific activity of conductive 36Cl
uptake in proteoliposomes containing the bound fraction, while
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Fig. 2. 36C1 uptake into solubilized basolateral rabbit mTAL protein
pro:eoliposo,nes. The proteoliposome fractions are labeled at the
bottom of each bar graph. The data are mean values for two experi-
ments in which serial CM-cellulose and Q-cartridge chromatography
were carried out. All measurements were carried Out in duplicate. 36C1
uptake into proteoliposomes was measured with oppositely direct anion
gradients [1] in the absence (LI) and in the presence () of 4 m
valinomycin. The valinomycin sensitive 36Cl uptakes are indicated by
filled bars and denote mean paired differences between values with and
without valinomycin. All data were obtained after five minutes of incuba-
tion. The valinomycin-sensitive values in the supernatant and CM-bound
fractions were both significantly different from zero (P < 0.001), while the
valinomycin-sensitive value for 36C1 uptake in the CM-unbound fraction
was indistinguishable from zero. The valinomycin-sensitive 36C1 uptakes
in the Q-unbound, Q-bound-l and Q-bound-2 fractions were all signifi-
cantly different from zero (P < 10—a).
conductive 36C1 uptake was virtually undetectable in proteo-
liposomes containing the unbound fraction. Table I also indi-
cates that the CM-bound fraction contained 6.4% of the total
protein present in the supernatant and 66% of the total 36Cl
uptake activity present in the supernatant.
Our prior data are consistent with the view that basolateral
mTAL C1 channels contain arginine- and lysine-rich domains
[61. In accord with this possibility, the results presented in
Figure 2 and Table 1 show clearly that, when the CM-bound
fraction from solubilized vesicles was applied to a quaternary
amine anion exchanger (a Q cartridge; see Methods), the
majority of conductive 36C1 uptake segregated into proteoli-
posomes reconstituted from the Q-unbound fraction.
The specific activity of the latter, 240 nmol/mg prot 5 mm,
was 28.6-fold greater than in the starting supernatant and
contained approximately 1.0% of the protein in the starting
supernatant. Thus, the Q-unbound fraction contained 29.6% of
the total conductive 36C1 uptake present in the initial super-
natant (Table 1).
Finally, we stress that the 28.6-fold increase in the specific
activity of conductive 36Cl uptake listed in Table 1 was
expressed with respect to conductive 36C1 uptake in vesicles
which were solubilized and reconstituted into proteoliposomes.
However, as noted above, the specific activity of conductive
36C1 uptake indicated in Table 1 for the supernatant was
Fraction
Valinomycin-sensitive
36cl uptake
nmol/mg
protein 5 miii
Total
protein
mg
Total 36Cl uptake
nmolIS mm
Supernatant 8.4 1.0 18.45 1.50 155 13
CM-unbound 2.4 0.8 11.90 1.32 29 3
CM-bound 86.8 25 1.18 0.21 102 17
Q-unbound 240 0.19 46
Q-bound-1 29.6 0.42 12
Q-bound-2 45.7 0.21 10
threefold greater than observed in this laboratory for native
vesicles under identical experimental conditions [1].
Polyacrylamide gel electrophoresis
Figure 3 shows a representative polyacrylamide gel indicating
the protein bands obtained in each of the fractions illustrated in
Figure 2 and Table 1. Given the results presented above, the Q-
unbound fraction is of particular interest. As shown in Figure 3,
the latter contained two major bands at 21 kDa and 24 kDa
which were enhanced appreciably with respect to the initial
supernatant; three major bands at 32 kDa, 35 kDa and 38 kDa
which were also enhanced appreciably with respect to the initial
supernatant; at least five other bands at 46 kDa, 53 kDa, 62 kDa,
70 kDa and 90 kDa which appeared to show no enhancement
with respect to the initial supernatant; and no detectable protein
bands having molecular weights 95 kDa.
C1 channels fused from reconstituted proteoliposomes with
bilayers
50 to 60 PS C1 channels from solubilized native vesicles. As
a control for subsequent experiments, native rabbit basolateral
medullary vesicles were solubilized in 0.6% Triton x-l00 and
the supernatants obtained after centrifugation were reconsti-
tuted into proteoliposomes (see Methods). These proteolipo-
somes of the total protein extract, when fused into planar lipid
bilayers, had single chloride channel conductances of 65.7 4.3
pS (N = 5)with 270 ma cis KCI and 2 m trans KC1. P0 in these
channels was voltage-dependent over the range of 0 to 60 mY.
Using a standard Boltzmann analysis for a two-state channel
model [2, 6], the voltage-dependent (gating charge, Z = 1.2
0.2) and voltage-independent (G = —2.8 0.2) determinants
of P0 for these channels were virtually identical to those
reported previously (2—6) for Cl channels fused from native
vesicles into bilayers.
The reconstituted Cl channels were also trans Cl— respon-
sive. That is, P0 rose from 0.31 0.08 to 0.59 0.09 when trans
Cl— was increased from 2 to 50 m, and g1 increased from 65.7
4.3 pS to 105.0 12.3 pS.
Channels from CM-bound and Q-unbound fractions. The
data in Figures 4 through 7 show the properties of channels
fused into bilayers from proteoliposomes containing either the
CM-bound or the Q-unbound fractions (Figs. 1 through 3; Table
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Fig. 3. SDS-polyacrylamide gel analysis of
vesicle proteins. Samples were run on 10%
precast polyacrylamide as labeled. Thirty
micrograms of protein were applied to each
lane.
Fig. 4. Current-voltage relations for Cl channels fused into bilayers
using proteoliposomes reconstituted with the CM-bound (0; N = 9; g1
= 50 8 pS) or Q-unbound (I; N = 5; g, = 55 4 pS) fractions
illustrated in Figures 1 and 3 and Table 1. The curve was drawn from
the GHK equation for a K'cI ratio of 0.1,
1). Figure 4 illustrates the I/V relations with cis and trans
solutions containing 270 m and 2 mi KCI, respectively. The
conductances of single C1 channels from the CM-bound and
Q-unbound fractions were 50 pS and 55 pS, respectively, when
determined from slope conductances in the range 0 to 40 mY.
As with the channels from native vesicles [21, the channels from
reconstituted vesicles could be described quantitatively using
the Goldman-Hodgkin-Katz (GHK) relation for a K'CI ratio
of 0.1.
Figure 5 shows a typical continuous tracing illustrating the
effect of adding (C-PKA + ATP) to trans solutions on P0 in 50
pS channels (Fig. 4) from proteoliposomes containing the
CM-bound fraction; the trans Cl was 2 m. As with C1
channels from native vesicles [5, 6], (C-PKA + ATP) produced
a pronounced increase in P0. Moreover, in keeping with the
view that 60 pS Cl— channels in native basolateral membranes
contain arginine and/or lysine-rich domains on extracellular
membrane surfaces [3, 6], the results in Figure 5 also show that
50 M DIDS addition to cis solutions completely abolished
channel activity.
Figure 6 illustrates the relation between the transmembrane
holding voltage (VH, mV) and P0 in 55 pS channels obtained
from the Q-unbound fraction (Fig. 4). The insert shows a
Boltzmann plot of these data. The dependence of P0 on VH and
the values for gating charge (Z) and the voltage-independent
determinants (zG) of channel activity were virtually identical to
those reported for C1 channels from native vesicles with
identical aqueous phase salt concentrations [61 and for C1
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cis trans P0
270 mM KCI 1 mi CaCI2 0.09 ii . 6 U ..
VH,mV Pa
60 0.45
closed
40 0.27
closed
Fig. 5. A continuous tracing illustrating
(C-PKA + A TP) activation of the SOpS C1
channels (Fig. 4) fused from bound CM-
cellulose proteoliposomes into bilayers
closed (Figs. I and 3; Table 1). As in prior studies
[3, 4], the trans concentrations of the catalytic
subunit of cAMP-dependent protein kinase A
(C-PKA) and ATP were, when present,
0.4 iLM and 1 msc, respectively. DIDS (4,4'-
diisothiocyanostilbene-2,2'-disulfonic acid),
when present, was added to cis solutions at
the indicated concentration. Note that the
trans Cl- concentration was 2 m throughout
the experiment. VH = 40 mV.
Fig. 6. A continuous tracing illustrating the
dependence of P0 on V,, in a SOpS Cl
(Fig. 4) fused from Q-unbound
proteoliposomes into bilayers (Figs. I and 3;
Table 1). The inset shows a Boltzmann plot of
the data (Z = 1.34; G = —3.26).
channels from proteoliposomes reconstituted from solubilized
native vesicles (see above). In other words, channels reconsti-
tuted either from the solubilized homogenate (see above) or
from the Q-unbound fraction, like those from native vesicles
[2—6], exist primarily in two states, open and closed.
Figure 7 shows the results of paired experiments which
evaluated the effects of raising trans Cl— from 2 m to 50 mM
on P0 in 50 to 60 pS channels from reconstituted proteolipo-
somes containing either the CM-bound or the Q-unbound
fractions. As in C1 channels from either native vesicles [2—6]
or from proteoliposomes containing solubilized native vesicles
(see above), raising the trans Cl— concentration uniformly
augmented P0.
A 150 pS Cl— channel. A review of all of our records from
prior studies [2—6] indicates that, using native basolateral
mTAL vesicles, we observed Cl— channels in about 20% of
2500 bilayers studies [2—6]. In 13 instances (2.6% of all Cl
channels studied), we observed Cl— channels having conduc-
tances greater than 150 pS. P0 in these channels was uniformly
greater than 0.95 and was not voltage-dependent or affected by
trans KCI concentrations. Using proteoliposomes containing
the CM-bound fraction (Figs. 1, 3), we observed Cl— channels
having ga = 193 8.7 pS in eight instances. These channels
also had a P0 which was consistently in the range of 0.97,
voltage-independent and did not require trans KCI concentra-
tions in excess of 2 m for maximal channel activity. In two
instances, we also observed these large conductance Cl— chan-
nels in the proteoliposomes reconstituted from Q-unbound
fractions. Since these 150 pS channels have a P0 of 0.97
independently of transmembrane voltage or trans Cl— concen-
trations, it is unlikely that they can account for the striking
increases in basolateral C1 conductance attendant on in-
creased apical salt entry and/or basolateral membrane depolar-
ization in microperfused mTAL segments [8, 9, 19].
Discussion
A number of lines of evidence indicate that the 50 to 60 pS
channels fused from basolateral mTAL vesicles into bilayers
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Fig. 7. Paired observations on the effect of raising trans C1 concen-
trations from 2 mi to 50 mss on P0 in SOpS C1 channels (Fig. 4) fused
either from CM-bound (0) or Q-unbound (•) proteoliposomes into
hi/ayers. The cis C1 concentrations were 270 m in all experiments
and the holding voltage was +40 mV. The lines connect paired mea-
surements in the same bilayer.
[2—6] may be those involved in net mTAL Cl- absorption [8, 9,
19]. Cardinal among these properties are: increases in open time
probability P0 with transmembrane depolarization [2]; increases
in P0 with increases in the C1 concentrations bathing extra- or
intracellular channel faces [3—6], the latter being particularly
pertinent since the K112 for maximal channel activation from
intracellular surfaces is 10 m, that is, within the physiologic
range for mTAL intracellular Cl— concentrations during net salt
absorption [7, 8]; P0 activation by (C-PKA + ATP) addition to
solutions facing intracellular surfaces, but only when the C1
concentration bathing intracellular channel faces is quite low,
that is, about 2 mM; and no effect of (C-PKA + ATP) on P0
when these agents are exposed to extracellular channel surfaces
[3—5]. The present data permit some general conclusions about
the partially purified and reconstituted Cl— channels reported in
this paper.
In quantitative terms, the results presented in Figures 1 and 2
and Table 1 indicate that sequential cation- and anion-exchange
chromatography resulted in a Q-unbound fraction which, when
reconstituted into proteoliposomes, was enriched nearly 30-fold
in 36C1 uptake with respect to the initial solubilized superna-
tant. The Q-unbound fraction also contained about 30% of the
total 36Cl— uptake activity present in the solubilized superna-
tant. Moreover, it is pertinent to note, as indicated in the
Results, that the specific 36C1— uptake activity of proteolipo-
somes reconstituted from the solubilized supernatant was about
threefold greater than that observed in native vesicles [1]. Thus,
it may be that the specific activity for 36C1— uptake in the
Q-unbound fraction was about 100-fold greater than in native
vesicles.
Regardless of the magnitude of enrichment in 36Cl— uptake
activity, the polyacrylamide gel shown in Figure 3 indicates
clearly that the Q-unbound fraction contained at least 10 protein
bands. Of those, the two major bands at 21 kDa and 24 kDa and
the three major bands at 32 kDa, 35 kDa and 38 kDa were
enhanced with respect to the initial supernatant. No significant
enrichment was detected in the bands at 46 kDa, 53 kDa, 62
kDa, 70 kDa and 90 kDa. Nor do these results indicate which
Q-unbound fraction, or fractions, contained Cl— channel activ-
ity.
In qualitative terms, the data presented in Figures 4 through
7 indicate that Cl— channels fused into bilayers from proteoli-
posomes containing CM-bound or Q-unbound fractions had
virtually identical properties to the 50 to 60 pS channels
obtained from native vesicles [2—6], including the unit channel
conductance of 50 to 60 pS with identical cis and trans C1
concentrations (Fig. 4); a Cl/K selectivity ratio of at least 10
(Fig. 4); and voltage-dependence of P0 on VH, with virtually
identical values for channel gating charge [2] and chemical
determinants (AG) for channel activity in Q-unbound channels
(Fig. 6) as in native channels [2—6].
With 270 mri cis C1 and 2 mM trans Cl—, addition of (C-
PKA + ATP) to 2 mr'i Cl— trans solutions increased P0
dramatically in Cl— channels from the CM-bound fraction (Fig.
6). Likewise, raising trans Cl— concentrations from 2 m to 50
m increased P0 in channels from both CM-bound and Q-un-
bound fractions (Fig. 7). These results are identical to those
obtained with trans addition of either (C-PKA + ATP) or C1 to
channels from native vesicles [2—6]. In the latter, P0 is also
virtually zero when cis Cl— concentrations are 50 mrt [2] and cis
(C-PKA + ATP) addition has no effect on P0 [3, 4]. Thus we
conclude that the Cl— channels fused into bilayers from prote-
oliposomes containing either CM-bound or Q-unbound frac-
tions oriented with intracellular surfaces facing cis solutions, as
do channels from native vesicles. The fact that cis DIDS
addition abolished channel activity in channels from CM-bound
fractions is also consistent with this view.
In summary, the data in this paper report the partial purifi-
cation and reconstitution, with intact functional properties, of a
50 to 60 pS channel from basolateral mTAL membranes. To our
knowledge, this is the first such detailed report for a renal
medullary C1 channel. It is likely that the unique Cl— channels
reported in this study may be the same as those mediating
basolateral Cl— conductance, and net Cl— absorption, in mi-
croperfused mTAL segments [8, 9, 19].
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